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(54) Title: SUPER ELASTICITY AND LOW MODULUS TI ALLOY AND ITS MANUFACTURE PROCESS 

(54) &w%fo: -»jia*tt«3M**AA«*»iPi*a 

(57) Abstract: The present invention concerns a Ti-Nb-Zr Ti alloy. The alloy comprises 20-3 5 wt% Nb, 2-15wt%Zr, balance Ti 
and inevitable inclusions. The Ti alloy according to the present invention has several advantages as follow: the alloy has 
excellent cold workability and very low work hardening rate, and the alloy could be processed with high degree cold 
deformation by means of cold working processes such as cold rolling and cold drawing; the alloy has the properties of super 
elasticity, shape memory and damp characteristics, low elastic modulus, high strength, corrosion resistance and high flesh 
compatibility; the alloy could be used to prepare nanometer materials with crystal grains of nano scale, and could be used to 
prepare nanometer materials with ultrahigh strength through heat treatment. 

(57) 

^swfi^-ft Ti-Nb-zr mrm±^: 20- 

35wt%Nb, 2~15wt%Zr, Ti 5rW W«feW#fM7G*. *SMtS^Wtt^Mtt: 
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-Mm, m®\&&Rm&mttfo$&%m&> i^m^Mmmxmmim Ti-Nb-zr 

ffl Ti-Nb-Zr-Sn-^-^o 

T\\&mm^bmm%k&ik±m%ja,+m Ti-6Ai-4v m Ti-6Ai-7Nb, ^ftittt*^ 

m^rmMR$inmmM*mmLmm&<> ii^-w ai m v mx^±^nmxx 
wmmmffiftmfammm^MMm&mwgLmvkw ai mv-R?, mmm R*m& 

Ti-13Nb-13Zr. Ti-15Mo m Ti-35Nb-5Ta-7Zr UA R 0 * #J Ti-29Nb-13Ta-4.6Zr ^ 
Ti-15Sn-4Nb-2Ta^P Ti-15Zr-4Nb-4Ta#-^iko Wi^^^^^SMR^aE^lt^, 
^#tt^*^S^a^#T^T 60 GPa, tt%LfttMmmWkM~W:±T 80 GPa, 

xtT Ti-Nb-zr gmB^^^i&mmmm^&^m ^ it, *r 10-20 

wt.%Nb (HH^U^: 5,545,227; 5,573,401; 5,169,597 X 35-50 wt.%Nb ^4 

(HB^'J^-: 5,169,597)^^/1^ 24 wt.% Nb ZrCMH^'J-^: 4,857,269) 

Ifc^^^iBtZ.^iSSIaEla Baker & Ti-35 wt.%Nb l^ + ^iKKBaker C, Shape 
memory effect in a Titanium-35wt% niobium alloy, Metal Sci J, 1972; 5: 92), Pltjjif Duerig 
& Ti-10V-2Fe-3Al ^■^^RMM^ti^'lL^cM (Duerig TW, Richter DF, Albrecht J, 
Shape memory in Ti-10V-2Fe-3Al, ActaMetall, 1982; 30: 2161 )„ ^BfRM^M-Vti^ 
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Ti-V-AK Ti-V-Ga %R Ti-V-GeC^H^j-t: 6319340 )5fD Ti-Mo-AhTi-Mo-Gaft! Ti-Mo-Ge 

(i%Bi^f[]*it-%: 20030188810) %mm±^?kmfT^mmit° 

ft 1 S^if^M&ik-&tfy : &yCfr$k (Hao YL, Niinomi M, Kuroda D, Fukunaga K, Zhou 
YL, Yang R, Suzuki A, Aging response of the Young's modulus and mechanical properties 
of Ti-29Nb-13Ta -4.6Zr for biomedical applications, Metall. Mater. Trans. A, 2003 ; 34: 

ioo7) 0 Hith, M&Mim&mKRmM^m*m4MLM&&±nmM$zmc mm, 
mmmmxmm^mmm^± cxi-Nb-zr 10 R^muj:^., m*m-&& 

@#t4fS^I*IJc^^, it^J&ftlk 20~35wt%Nb, 2~15wt%Zr, Ti ^P^nX 

^Rm&'&ik* Nb m zr 30-45 wt.%, ^miE^^Mumx^um 

^#T*W^ 2%mmW^ 4^ 60GPa #ttm*jFni^iaMtt^; 

^Hltfc^^iSBTW^W Sn^ Al *Mmt>— ^7hm,^M^J 0.1-12 wt.% ; 
3$^ ZrfP Sn^-^*^ 3~20wt.%;L|EU, ^ig|fc^^-80°C~+100 o C2.fH]MS?£lllrt 
2%, /JsT 60GPa ##^*^P^iajS'f4tg; 

#&m^±^&&md>A^m\WMjum, n cj ^n/gs o, o.5wt.% 0 

j£M%& 200 °c ~ 900°c|s!?#£b3i 10 #~2 SJt^cS^ 2 #~60 #j§7jt$5, 

M'|4t^P^-; W^^200°C~900°C|H^^a^i5, & 

200°C~600°C Bt^C^ba 10 #~60 , 2 #~60 WM^^#tt> 

PMttffefP^; Eft, ^ai*MRT^^2OOr~6OO o C0t^^S2^~48/>Htjg 
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3£W£f 20%, RTWa-^MHR^WteRj**, ^/h^45GPa ; mnx.$t 

7£^.«AX50%, RT^f!j^-^«iXS^^^StJ^^I4o 

u^MmtL^m^Rm^mmi^; ^3oo°c~55o o cBt^aio^#~io/>Ht, w 
f ijSD^m^^^pxxsaif a/^«^ o 

m, n-muA&mm&mm'foi 2r^^mM^mmimmm^\u±m., -emu 
ttrtAWMrtkxtm.fcmM TiNi t^M&M.m%mmmm& 
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m lA^if^m Ti-20Nb-2Zr/Ti-35Nb-2Zrrt^f^Sffii%^^it; 

m IB % Ti-20Nb-2Zr/Ti-35Nb-2ZrrMfgif^ff^^:; 

Wl 1C % Ti-20Nb-2Zr/Ti-35Nb-2ZrriS:fam^S^I2^R:^*W^4fc; 

m 2 % Ti-Nb-Zr 

® 3 % Ti-Nb-Zr-Sn 

S 4A Ti-28Nb-2Zr-8Sn X MgzffiMM; 

m 4B ^3 Ti-32Nb-8Zr-8Sn ^± X ItllWtif ; 

15^1 Ti-30Nb-10Zr^iPi<;-^pmfe#ia^S; 

Wi 6 ^ Ti-28Nb-15Zr ^Jn^-4P^fe# ffi^lH ; 

ffl 7 Ti-28Nb-8Zr-2Sn ^«-4P^# ffi^ffl; 

ffl 8 % Ti-24Nb-4Zr-7.9Sn^in^-®^fe#ffi^S; 

S 9 ^ Ti-20Nb-4Zr-12Sn ^:£-#Pf^PS£fe# ftUll ; 

ffl 10 ^, Ti-28Nb-2Zr-6Sn-2Al^^Pfc-iP^&#ffi^ffl; 

® 11 % Ti-24Nb-4Zr-7.9Sn^^pi^ft1ilm; 

m 12 % Ti-Nb-Zr-Sn 1^mLfe#SlfI1« ; 

® 13 ^ Ti-Nb-Zr-Sn ^MIMt; 

g 14 A ^, Ti-24Nb-4Zr-7.9Sn^MtLt#llfWIfii®t®i 
HI 14 B ^ Ti-24Nb-4Zr-7.9Sn ^^^LUffi f&^ffiM HI ; 

® 15 ^ Ti-24Nb-4Zr-7.9Sn ^ 1.5 «^$L^ 500°C £h3l 1 ^HtKl^lt*^ 

mmm 1 ' 

Mm. l #t3£$;#, ^iW^^g^il^flfiJMf^i, *» 60 % 
# B D B o iSlfffitn^, ffltn^ 950°clg3tm 

lOmmxlOmm i«|iM 20X6X4mmi^#o i^#^IRjT^P#^;M, 

i ^irw, frm&x&&4¥i : iooo°c«M4 'MM$TTWLm7&&o ^mmtws. 
TX&Mm.i&&mfr*, ^i3oo°c^#T«^5o/hHt, M&&mmm&M7± 

1 mm SfjfM o ^ : £| Ti-20Nb-5Zr 5fP Ti-35Nb-5Zr ^Mj&rMH^ffifeM 
JtSFPlB^ ^t^MLIS 1A, 1B„ 
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1 Ti-Nb-Zr / Ti-Nb-Zr 5pJ Ti-Nb-Zr-Sn / Ti-Nb-Zr-Sn Tffii^il&fr 



Ti-20Nb-2Zr/Ti-3 5Nb-2Zr 


Ti-20Nb~5Zr/Ti-35Nb-5Zr 


Ti-20Nb-8Zr/Ti-35Nb-8Zr 


Ti-20Nb-4Zr -2Sn/ Ti-35Nb-4Zr -2Sn 


Ti-20Nb-4Zr -5Sn/ Ti-35Nb-4Zr -5Sn 


Ti-20Nb-4Zr-8Sn/ Ti-35Nb-4Zr -8Sn 


Ti-20Nb-8Zr -2Sn/ Ti-35Nb-8Zr -2Sn 


Ti-20Nb-8Zr -5Sn/ Ti-35Nb-8Zr -5Sn 


Ti-20Nb-8Zr-8Sn/ Ti-35Nb-8Zr -8Sn 


Ti-20Nb-12Zr -2Sn/ Ti-35Nb-12Zr -2Sn 


Ti-20Nb-12Zr -5Sn/ Ti-35Nb-12Zr -5Sn 


Ti-20Nb-12Zr-8Sn/ Ti-35Nb-12Zr -8Sn 



Ti-20Nb-2Zr/Ti-35Nb-2Zr rM^^^E^ft^»W^jALS 1C 

5 mmu±m%&M, m^Mmm'mMM^m^^m, m&m 2 mm 3 * m 

Ti-Nb-Zr m Ti-Nb-Zr-Sn S&J&fr, || 60 i£# n a n . % 

Utt&&]&fti%53,MmWmffi., jxltffc&Hifc.fflfnSSlE 950 o Clg3t^ 10 mmx 10mm 
it^fefcS^W'K £ 850°C^ 30 ^H^&hS, &^f^tB£# 20s 
Js&W&AtK^o MJft&mmZmm&lk, Jnl^If^t^^3 mmx 15mm 

io £ lxlO' 3 s" 1 fidS$3i$Tlffa#^. ^j^iSEfe#^R;^»«iW« 

iLSl2^nffl3o ^*^HJ: gfi^TCf Nb, Zr, SnS^i> W^WII^W 
^»J2 

±mftt%^, Umma^, SIIIH^. M*nll&950r^j£/&10mmx 10mm ® 

w, mm&x&G&'g'* , & 85o°c^ 30 fr&mmtttm, m^mmm&n 20s j§ 

20 *#iftA7X4»c ^Jffl^^t/r^, W io°c/^Win^^n^ip^, ^E±i5o°c|£H 

rt«*^^ft#^ft#$#»it 0 ^Dt«^ ? #tiB 1 wt.% Nb, ZrSlSn 
^mim^^U&m 17.6°C, 41.2°C^D40.9°C (JSU£3)o 

5fe 2 Ti-Nb-Zr-Sn 1^ 





20Nb 


22Nb 


24Nb 


26Nb 


28 Nb 


32 Nb 


2Zi-8Sn 




V 


V 




V 




4Zr-4Sn 


V 




V 




V 




4Zr-8Sn 


V 




V 


V 


X 
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4Zr-12Sn 












X 


x 


v 


6Zr-2Sn 


X 




X 


X 




V 




V 


8Zr-2Sn 


X 






v- 






X 


x 


8Zr-8Sn 


V 




V 


X 




X 


X 


V 






3 
















1 wt.% Nb 




1 wt.% Zr 


1 wt.% Sn 








IS. 


-17.6 °C 




-41.2 


°c 


-40.9 °C 





MfrtfriX, & 29=30~90°c|£@i*i, feffiiM^ rc/^^r#T 

«l*^^Wfif^», ^^^Wft^#ffl»aftt3R. Ti-28Nb-2Zr-8Sn 
^ Ti-32Nb-8Zr-8Sn &&ffy X |#^#it^3lIJ4LK 4A> 4Bc 

0°Cm Ti-Nb-Zr fn Ti-Nb-Zr-Sn CMW^J: Ti-30Nb-10Zr ; 

Ti-28Nb-15Zr; Ti-28Nb-8Zr-2Sn ; Ti-24Nb-4Zr-7.9Sn ; Ti-20Nb-4Zr-12Sn), ^MWM 

H^c ffl*B$££ 950°Cfg3t]& 10 mmx lOmmlt, ^^S^Wt 1 , # 850°C 

mmx 15mm M&#}!i^#p n n, ^ lxlO' 3 s' 1 iftjS^WTitfi 1 

mfei?lkmMW'\ ( k o W% MM , JS^c Ti-Nb-Zr m Ti-Nb-Zr-Sn i©3W£A«J 

^inm-siMimft^jJLffl 5~ni 9o mm 5~m 9 tmm-^pmMmmm^m±^ 

m^mmf^m, Ti-Nb-Zr^Ti-Nb-Zr-Snm^*W#mfitl®K^*, ^ 
40-50 GPa, ®L%) Ti-6Al-4Vs Ti-6A1-7NK Ti-5Al-2.5 Fe ^EM^C^KJ 35%~45%<, 

sfe mm 3 

J^t^fll^TU^ Al fi«J Ti-28Nb-2Zr-6Sn-2Al ^mUMWM^^&fe^Jl 

fr'mm60%,w& o %ffi£&±im&43, mmm&, mm&9so°c 

$£itj$ lOmmx 10mm£l#, ^SSia^f^, & 850°C^ 30 ##@}#&bS, ifo 
^1fJ&ft^20sJ§*#feA7fC*o ffl 10^^iPic-4p^;fe#tt^®, 

4 

yWU Ti-24Nb-4Zr-7.9Sn^^^i], ^fcBinX. ^AbSXSS^tttB. 



WO 2005/064026 



PCT/CN2004/001352 



• XJSX&nn%Mfr, ^&30&jTri-24Nb^Zr-7.9Sn^##&„ 850°C JFS 

cj>io mmmwmmm 4 ^mmummmmmm^tm, 20 %>js7k& 0 

^Mi5#B D n *nX^X#S^J(()3 mmx 15mm it lxlO" 3 s" 1 fitU&3£a£^T 



3g 4 Ti-24Nb-4Zr-7.9Sn 1^#f£#|*^#f4 





feRHS (Gpa) 


(%> 




42 


2.8 


900°Cx60 


44 


2.7 


850°Cx30 iHt 


44 


2.9 


850°Cx60 


42 


2.8 


850°Cx90 ##f" 


45 


2.8 


1 700°Cx30 


41 


2.9 


700 p Cx60 


43 


2.8 


650°Cx30 


46 


2.6 


650°Cx60 


47 


2.5 


600°Cx60 ##f> 


54 


2.2 


500°Cxl0 4H+ 


48 


2.9 


500°Cx20 


54 


2.2 


500°Cx30 #-#f> 


58 


1.9 


450°CxlO#-#J 3 


50 


2.9 


450°Cx30 ^Bt 


54 


2.5 


400°CxlO##)' 


46 


2.9 


300°Cxl0iH+ 


44 


2.9 


850°Cx30 ^lt+500°CxlO 


45 


2.8 


850°Cx30^lt+450°CxlO^#|' 


50 


2.8 



10 &£h3g#£!l:ft 500°CxlO 20 #^7jC^ 5 450°CxlO 20 #Jg7jt 
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<i>io m^mm-fem. s ^&mummmmj^Mm mnm^m, ^Km, m 

jSSJtc fatbmjsWMilMJiJ&Jlft&LMl ™ x 15mm ^ lxlO" 3 s" 1 



5Ti-24Nb-4Zr-7.9Sn.^-^#mi*fn@#'ft 





^Ktia(GPa) 






42 


2.8 


850°Cx30 ft¥? 


. 48 


2.5 


850°Cx60 


50 


2.5 


850°Cx90 


47 


2.6 


500°CxlO 


48 


2.7 



Ti-24Nb-4Zr-7.9Sn ^MftSIftlWDf^iftli. ffi*v£&eW$«R: 
Itfi^^A 20GPa. 



4,10 5 ^ttlWMitfifti- &Jg£#, mmx 

15mm Wtfc#aJ^#ift» & IxlO" 3 s" 1 Wj&SS&^T&faiH^. %UvE%i&MBM&, 

^'faS^'-h^ lOOOMPa #r#T, % 40~50GPa ^L|I] . 



6 Ti-24Nb-4Zr-7.9Sn 





(Gpa) 


(Mpa) 


M'\± (%) 




. 42 


850 


24 


850°Cx3G fr¥? 


44 


750 


29 


850°Cx60 #1+ 


42 


740 


28 


700°Cx30 ^1+ 


41 


750 


29 


650°Cx30 #1+ 


46 


820 


25 


650°Cx60 


47 


830 


25 


500°CxlO 


48 


950 


20 


500°Cx30 


58 


1040 


16 
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500°Cx60 ft¥? 


60 


1140 


15 


450°Cx240 


70 


1250 


14 


450°Cx480 


70 


1200 


14 



ft: ^6 J^W&hWiJ+'M 450°Cx240 ^K4> 450°Gx480 ^HtS^Bt^&bS, it 



:£»J 5 

5 T®^Ti-24Nb-4Zr-7.6Sn^^^iJ, ^{JBJnX. iftllSMftio 

WSS^TO, ^ 30 ^jf Ti-24Nb-4Zr-7.6Sn ^#l^c & 850°C5fS 

&ajg#&#nI/$I#|S:3j<|>3 minx 15mm Ift & lxlO" 3 s" 1 iftj^ag^Tat 



7 Ti-24Nb-4Zr-7.6Sn -^^^tt^ft^^^'l* 





faBMA (Gpa) 






44 


2.8 


900°Cx60 


44 


2.6 


850°Cx30 


44 


2.8 


850°Cx60 ft¥? 


46 


2.8 


850°Cx90 ft®? 


45 


2.8 


750°Cx60 tfrlt 


44 


2.8 


700°Cx30 ^•#t' 


44 


2.8 


700°Cx60 


41 


2.9 


600°Cx60 


48 


2.6 


600°Cx30 ft>® 


50 


2.2 


550°Cx30 frty> 


60 


1.8 


500°Cxl0 


50 


2.9 


500°Cx30 


60 


2.0 


850°Cx30 ^l++500 o Cxl0 


47 


2.8 


850°Cx30 ^lt+450°Cxl0 ft¥? 


51 


2.7 
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mmx 15mmWftfW, £ IxlO" 3 s" 1 Wj&SSWFSfi 1 3%;»- 



8 Ti-24Nb-4Zr-7.6Sn 





(Gpa) 


(%) 




44 


2.8 


850°Cx30^# 


48 


2.5 


850°Cx60 


50 


2.5 


8S0°Cx90 


47 


2.6 


500°CxlO 


48 


2.7 



(j)10 «*iffl#^ 9 &Hato*#i£fi 1 &&3ffi, JnX^X^a*+3 mmx 

15mm mm%MWft&, & IxlO" 3 s^M^TtlWi*. AMftliS^ 

* 9 Ti-24Nb-4Zr-7.6Sn -£*^^M&#f£lt£ 





©RSSS (Gpa) 


'mS. (Mpa) 


Mtt (%) 




44 


850 


28 


850°Cx30 


44 


720. 


33 


850°Cx60 


46 


740 


35 


700°Cx30 frty> 


41 


750 


29 


650°Cx30 


44 


790 


31 


500°Cxl.0 


50 


980 


24 


500°Cx30 


57 


1120 


20 . 


500°Cx60 


62 


1240 


19 


. 450°Cx240 5>lt 


72 


1320 


17 


450°Cx480 


74 


• 1260 


18 



$~nw 6 

^mmU TiQ 2 m%m^MM Ti-24Nb-4Zr-7.9Sn fcWkWmW$\*.tf) 
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*Pf£, SlilH^. ffl?P@iS 950°C$£5£$i 10 mmx 10mm£I# o #p n ntiPX^X^ 
a3/4>3 mmx 15mm fi«jfe#«#, £ lxlO' 3 s' 1 WjSeBSWTffifi 1 3%iqfR-fi¥«|Bi* . 

^mm^MMmmm^o mm^mjuLm io» 



10 m^-tAtt Ti-24Nb-4Zr-7.9Sn 



(wt.%) 


fa&MSt (Gpa) 


(%> 


0.11 


42 


2.8 


0.24 


48 


2.5 


0.42 


56 


2.0 



)!tf$l^J 4 ^ W^$Lf U Ti-24Nb-4Zr-7.9Sn iS^M^r#T 2%J£#i£ 

mmm, mfi-M^&mw>)&^±MmMvf, m%?mmmwfc.w>% 0.42MJ m - 3 , 
$kmm?kmttmo ^ 2%m*$tMMm&ikm 565MPa, nsu&mmRmwmT 

MT^MWS ^^^f$LfljTi-24Nb-4Zr-7.6Sn^#*t, 4SMi#T 2%J&#3£ 
&0®m, , WJ^telftTOi!^ 0.48MJ m" 3 , 

M^'^MM 4 #1 5 4* ft! Ti-24Nb-4Zr-7.9Sn ft Ti-24Nb-4Zr-7.6Sn ^ 850°C 

«at 15 mxBtfyifcM, ^^mm^m^rmnmi, mim^m^-m^ so%> 

90%ft98%, ^ff^^Xrf^, 120lfi^> 50^^20^*^^^, $L§J 
$0 3mm, 1mm ft 0.3mm ftj&#ft$&# (JEffl 12) c 5tt^ 90%^$L^Wf|^, ^ 

SM^fct^KJtAn^j 60MPa, ^Bj^Hj^A^^m^inx^^o 

W3£»J 4 ft 5 ^<])10 *^ffl#, £ 700"C^^^^, $!|#<|>5 
*to ^S^^m^^raiS^cAba, WMW^m% 60%ft 75%, 

M(|)3.0mm|D^2.5mmM CjSLS 13)„ 
&J£0!l 9 
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